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TITLE . 

fffTT* ™ INVENTION: •*» f?C»i5 f . : i 

The present invention relates to an improvement of a glass 
^ uprising an alkan-containing glass substrate and a silica layer 
forme d tnereen to prevent diffusion of aBcan metal ions from the glass 

substrate* 

^ „„„ „ ******* « eterio^ a*-* »* 

M „ 5 „pa*r ^ >~ . "■*«■»*"• — * "* ~ 

^ ... M « »i.nro- -»—* •* — " ta "' , ** g 

ally as Kindon materials tor arcHtectorol atraettma.vebjelas or atrorafts. 
fieM lllndM nc. «*». «r » -TP*™. «*« call substrate. 

*- ,u.. ^ "7°; 

alkali natal loos tsnd to diffusa from tha sjass substrata to its surface* 
^ to of •» proper* - ~ — 

W ar. For »«_ « - ««* «* — «— ' - 
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toed in the electrocoaduct^ layer of the electroconductive glass plate, 
the transparency of the layer will be lowered, the electric resistance of 
the electroconductive layer will be increased or the physicochenrical 

durabffity will be reduced. 
■ Furthermore, In the case of a liquid crystal display device, an 

oxidation-reduction reaction will be caused at the surface of the display 

electrode by the alkali metal ions diffused from the glass, whereby 

the transparent electrode material i.e. an indium oxide layer (ITO layer) 

or tin oxide layer (Nesa layer), will undergo a property change and 

10 the Uuqid crystal itself wffl undergo electrolysis and will be degraded. 

to the case of an electrochromic device, the electrode will be worn for 
the same reasons and the electrochromic material such as tungsten oxide or 
molybdenum oxide will be electrically corroded and undergo a property 
change . whereby the device win be degraded. Likewise, in the case of 

15 m eiectrfc field luminance device, the alkali metal ions leached out of the 

glass surface penetrate through the electroconductive layer and diffuse 
into the phosphor material, whereby the luminance efficiency and the 
colour of the luminance will be changed. Further, in the case of an 
amorphous solar cell, the alkali metal ions leached out of the electrodes 

20 are likely to diffuse into the amorphous silicon thereby to reduce the 

con version efficiency. 

Further, an alkali-containing glass material such as soda lime 
silica glass has a tendency such that when subjected to a high temperature 
treatment, the alkali metal ions readily move, and accordingly, there is 
25 a drawback such that during the high temperature treatment for the 

production of electroconductive glass materials or various coated glass 
materials, the alkali ions readily diffuse whereby the properties of the 
electroconductive layers or various coated layers will be degraded. 

in general, there are three different methods for solving the 
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, ♦ a one of them is to use a glass 

^ crlass). However, tnese s«» 

— rrjrr^ — - — — • 

. -Kt«4n a zlass plate having a taww 
„ pofi sh the Plate to obta* a das ^ ^ ^ 

Th ia is undesirable with a view to conserve 

and energy. preaoin arDy remove or reduce the- 

The second method is to prennuu 

, ^ nf aoda lime silica glass. There 
* the surface layer of soaa b»» . 
^ ^ the surface layer is brought in contact 

w proposed a method in which ^ ^ oateri al is 

^suUur at a high temperature, a - Q ^ a ^ 

. ^ in vacuum to a high temperature of at leasx 

t ellc field is applied to drive the N a* ions toward the oppomte 

!^ 2-deHt surface on wh*h the BO CKesa) coating 
side to provide alkali deticx ^ 
* applied, or a method in which the glass material is boued 
— as hydrochloric add or sulfuric add. ^ ^ 

Ttt8 method is disadvantageous in that it ta.es a long t»e for 
tion and the reproducibility is inadequate. 

, -» «, the surface of soda lime 
The third method is to form on the surxace 

f«r nreventing diffusion of alkali metal 
dUca glass a certain thin layer for preventing 

laver. The reason for using an sihcon 
it is usual for use a silica layer. * 

, to orevention of the diffusion of alkali 
oxide layer (e.g. Si0 2 layer) for the prevention 

- ions is that the layer is amorphous and when another than layer 
ffletal ions is tha y ^ ^reoa, it is possible 

such as an electroconducuve layer is to oe 
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^o^s^o^^is^*^*^-"^ 1 '* 
^ p,.,.. ^ » — *— » « » — "** 1,1,1 

rm^^* 

* . br«d mm. ** — •—"■»■• * ***** * *~ 

„_ ^ . -» — *• • ,, " ,m, rftet0IKieS • 

.B.*^— * o-de *- -r * « "** 

in M . o^U, M. «f e.„. _ m* <»< » U ft-* 

w v«n» vapour d.posluoo, CVB procas or 

ongMg under a hls> vacuwn condition so that the layer is tonned as 
nmae as possBlls to increase tne ability to prevent Oib attajl diffusion, 
a method in winch a pare rfHoon osMa layer as above is formed by a 
^ pra«». -t . — » -* • »— — ** — "* 

^ or a — — — - *— * * ^ 

process whereby an additive such as boron oc phosphorus can readily be 

incorp orated « 

^ mrthed. have «— » — — *■ " 
jja met* ^aiU»»*" the *.«».<*«» "** 

« tba prop^ — -si—* — — * ~" Wr 
and the conditioas for their preparation. 
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cTTMMAttY OF TP* IMVENTIONL 

The present inventors nave candied en pensive research to 
deV elo P an ** diffusion-prevent silicon o*de lay* whfch * 
I L various «— - - a*ve mentioned con— 

^ ami tb> cuntica of tbt composition ana 
control ot to pro**** oondtta.. «» 

bonds are introduced to p ^ t ^ diffusion of alkali metal 

thereby possible to better prevent the oinusuw 
toyer. it is thereby P ao wus-eontaining silicon oxide layer 

4 „« <n class than by the boron or phosphorus eontawHMs 

Z JL. a good a*an diffusion-preventing effectiveness, 
which is taown to have a goou 

w to _ r— — "•TT 

. « — — - • — — — TIL 

bonded to silicon. 




Tbe reson w hy the ability to prevent the diffusion of a^ 

1( ^ g*ss s^strate is proved by the al** diffus.cn- 
me tal ions from the glass si« 

„ ». ^ .-a. » — - - 1 — 
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eIimin ated by the incorporation of -Si-H bonds to parts of the -O-Si-O- 
oonds in the silicon oxide layer , and the terminal H is positively charged 
to prevent the outward movement of a*an metal ions such as » a+ and K+. 
wh ereby the elKali metal ions are prevented from leaching out of the glass 
substrate to its surface by the difference in the concentration from the 
material coated on its surface or by an electric force. 

to the present invention, the content of the hydrogen bonded 
to dEcon in the alkali diffusion-preventing silicon oxide layer is preferab- 
Y, from 0.01 to 25 mole %, more preferably from 0.1 to 22 molar %. 
The presence of such Si-H bonds can be ascertained, for instance, by an 
infrared spectrophotometry-. The relation between the Si-H bonds and 
the amounts of the alkali diffusion was investigated by this measuring 
n^thod, and as a result, it has been found that a superior alkali diffusion 
preventive ability is obtained when the hydrogen content is from 0.01 to 
25 B0 le %. as mentioned above. If the hydrogen content exceeds 25 mole %, 
the hardness of the alkali diffusion-preventing silicon oade layer is lower- 
ed and the layer becomes susceptible to scars or scratching, such being 
undesirable. For instance, when the alkali diffusion-preventing silicon 
ozide layer is applied to a transparent electrode of the display device, 
it is undesirable that the handling during the process for the preparation 
becomes difficult because of the reduction of the hardness of the layer. 
On the other hand, if the hydrogen content is less than 0.01 molar %, 
the alkali diffusion-preventing ability tends to be inadequate. 

to the sOfcon oxide layer, hydrogen may be present in a form 
of H 2 in addition to the hydrogen bonded to silicon. However, the hydro- 
gen content in the silicon oxide layer for the purpose of the present 
invention is meant for the content of the hydrogen bonded to silicon, 
i.e. the hydrogen content in a form of Si-H bonds. 
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Tha thickness of tl» alkali dif£usion-pt«veD.tinB; silifion. «dde 

layer 01 w» t» oractically most advan- 

^ adequate alkali diffusion-preventing ahility. It is practical* 

» j*™* a «,.« of from 100 to 5,000 A . 
taeeous that the thickness is within a range or trom 

A3 cnaterials to which the alkali diffusion-preventing 
^ 0 *de layer of the present invention may he applied, there may he 
SmCOT 7 ^ mnnhr used soda lime silica glass containing 

m entioned not only the most commonly used soda 

~ « _ «- h«t also various other alkali- 
from 10 to 20% by weight of Na or K. but also vano 

rii —- — ' gMUM "- * 

... ^ the ion plating method, there may be 
method, the sputtering method or the ion P 1 *""* 

aethod.tnesp i»vdrosen gas or gas of a hydrogen compound 

- method in which hydrogen gas e 

n entioned a metnoo form ed during 

is introduced in the vacuum chamber so that Si H bonds 

1 — - - coating layer, or in ^ — ^ 
^ be mooned a method in which ^drogen gas or gas of a hyd^ 
J^. is brought in contact with gas of a sUiccn compoun capab^ 
of Ling silicon 03 dde so that Si-H bonds are thereby formed. As other 
i there may be mentioned a met** in which after forming the -on 

le layer, the layer is subbed to heat treatment in a hydrogen a to os 
pher e , end a method in which after forming the silicon o*de layer . 
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hydrogen ions are introduced thereto by ion bombardment. 

The alkali diffusion-preventing silicon oxide layer of the present 
fcvention differs from the conventional alkali diffusion-preventing layers in 
that it is amorphous and does not contain additives in a form of solid 
components as in the conventional alkali diffusion-preventing silicon oxide 
fcyers incorporated with the additives, and Si-H bonds are partly incorpo- 
rated in the three dimensional network structure. Thus, since the alkali 
diffusion-preventing sfflcon oxide layer of the present invention does not 
contain solid additives, the operation at the stage of preparing the 
starting materials can readily be made, and during the layer-forming 
operation, there will not be any troubles such as fractionation which is 
likely to take place in the case of the vacuum vapour deposition, or 
scattering of the additives which is likely to occur in the case of sputte- 
ring. • Thus, the layer-forming operation can thereby be facilitated. 

Now, the present invention will be described in further 
detail with reference to Examples. 



EXAMPLE 1: 



A usual glass plate (i.e. a sode lime sffica glass plate) of 
10 cm x 10 cm x 3 mm containing 15% by weight of an alkali component 

20 RaP (H= Na, K) was thoroughly washed with a detergent, then washed 

with water and dried. This glass plate was placed in a vacuum chamber 
of a vacuum vapour deposition apparatus, and the chamber was evacuated 
to a pressure of 1 x 10-5 torr. Then, argon gas containing 15% of 
hydrogen gas was introduced to bring the pressure to 2 x 10~ 4 torr. 

25 The introduced gas was ionised by application of a high frequency electro- 

m agnettc field (frequency : 13.56 MHz), while the vapour deposition source 
(SiO 2 powder) was heated by an electron beam beating method . and a 
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. 1 000 A was formed by the high 

toed «r «« n.rrfOT, . SnOj 

— - r.'^ni - - — — — 

The hydrogen content anow 

v.X AMPLE 2L 

^^in— ->«'-"«' ™*^* 

L» was — i— -« «""••— 

and tin cMabel was™*" .i.BJ.gJIW* 

„„ ™ c»t«tatog »* of hydro** 8»* «*» 
source tin o»de aaae 

glass substrate si ttw tta* of ths sputtering wss about 300 C 
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temperature of the glass substrate at the time of the vapour deposition of 

Sn(>2 was room temperature. 

Xhe hydrogen content and the dUL diffusion-preventing ability 

of the sample 2 thus obtained are shown in Table 1. 

A |0ass plats in" to the on. «a«i in Ecnpl. 1 ~ tnoroujht/ 
^d .» a «-a .asbed »it» and *— • TU.fJass 

plate in a. vacuum cnasibex of a BP mapietion sputtering apparatus, and tlie 
cnamber was evacuated to a pressors of 1 % 10"' torr. Than, arson V* 

U, of hjdro^*.. ~ 1 » a ". PMS ™ M 

tt! , xn r»torr. A S» 2 W«r n.* E a thteto^ * l.™ * «" 
^ by 0« RP «a 6 n. Ml ».U»d ustn, a «K*« 4 <«« 

Tn». tn. gU» sun-tr- «» SO, W« *» *— • ~ ^ 

^ „ . _ v»o»r d*«Wou apcnratus, -a «■ — — 
was evacuated to 3 x MT * torr» and a SnOj elsctroconduottv. layar basing 

. ado*™- of about >.M i ~ «— * O- »»»1 «— 

„ e0 ^ « t!» dapo^ source nn «dde add«l 

^„n»ony<»id.. 

o, «» sputtering was M WC end tn. ft—. <* tn. I— 
* «. *e of «be **« option «. roan «w*tm- 
The hydrogen content end the .Hon dlfturfon-pieventlng 

.tat, of the sampl. « »- o"**" 1 « • tom 1,1 *• 
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EXAMPLE 4: 

A glass plate similer to the one used in Example 1 was thorough- 
w 10. a detergent, then -ashed with ..«« and drUd. A SO, 

„» M a - -* 1.000 1 — - *• *- ■ 

.urface by the CTO method using SIH4 gas and O2 gas at the substrate 
^tfur. (TS, o f MM. «T0. or WO. The -» (B) Otf 

S.H, M about U. 40 or .0. Then, -oh gtass suMWt. having the 

w „ ttos <omad «.SP^*« *— ° h "" ),,t «* ' " e0 " B 
^son appar-us, and th. cb-bar was .vacua,** to a - 
, x 10-4 **>. • Sn0 2 electroeonduo*. l*rer ***** • «**"« 
i of about t.00fi« te— W U. usu- v«,o»r d«K»l«on method 

«*« . the vapour deposition _ — -» —-» 

T h. *m— - «*•»— Mbrtr ** e " U " Un ' ** ^ 

tian was room temperature • 

Arnong the four samples thus obtained, the one in which the 
Si0 2 layer was formed at Ts = 300°C and R = 10 was designated as 

4. the one in which the Si0 2 layer was formed at Ts = 400>C and 
" R = 10 was designated as sample 5. the one in which the Si0 2 layer was 
formed at Ts = 450'C and R = 10 was designated as sample 0, and the one 
in which the Si(>2 layer was formed at Ts = 550°C and B = 10 was desig- 
nated as sample 7. similarly sample 8 : (Ts = 300°C, B s 40), 
sample 9 : (Ts = 400-C, B = 40). sample 10: (Ts - 450-0. R - 40), 
sample U : (Ts - 550-C. B - 40). sample 12 : (Ts - SOOOC. R - 60). 
san.pte 12 : (Ts - 400-C. R - 60). sample 14 : (Ts . 450-C. B - 60). 
sample 15 : (Ts = 550°C, B = 60). 

The hydrogen content and the alkali diffusion-preventing 

ability of each of these samples are shown in Table 1. 
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A glass plate similar to the one used in Example 1 was 
thoroughly washed with a detergent, then washed with water and dried. 
This glass plate was placed in a vacuum chamber of a vacuum vapour 
deposition apparatus, and the chamber was evacuated to a pressure of 
S x IO- 5 . torr. Then, the vapour deposition source (Si0 2 powder) was 
heated by the electron beam heating method, and a Si0 2 layer having a 
thickness of about 1.000 I was formed by the usual vacuum vapour 
deposition method at the vapour deposition speed of about 10 A /sec. 
Tto n. dried air was introduced from a variable leak valve into the vacuum 
e^er to bring the pressure to 3 x 10-3 torr. Then . a Sn0 2 electro- 
conductive layer having a thickness of about 2.000 A was formed by the 
usual vacuum vapour deposition method using as the vapour deposition 
source tin oxide added with antimony oxide. The distance between the 
vapour deposition source and the glass substrate during the formation 
of the Si0 2 layer and the Sn0 2 layer was 40 cm, and the substrate tem- 
perature was room temperature. 

The hydrogen content and the alkali diffusion-preventing ability 

of the sample 16 thus obtained are shown in Table 1. 

COMPARATIVE CTAMPEB 2; 



25 



A glass plate similar to the one used in Example I was thorougb- 
jy washed with a detergent.then washed with water and dried. This glass 
plate was placed in a vacuum chamber of a EE bipolar sputtering apparatus, 
and the chamber was evacuated to a pressure of 1 x 10' 5 torr. Then, 
argon gas was introduced to bring the pressure to3xir» torr. 
A SiO 2 layer having a thickness of about 1 . 000 A was formed by the BF 
bipolar sputtering method using a molten quartz target. Then, the glass 
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auo8tt .<. *. s.o 2 *y« «*» 1—. - «— — " * "~ ' 

w— . — — r- e ™ cu,tt ' 1 tt ' 

p „ MUM * 3 X IT* tor.. Then. • S»0 8 efcctr^duCv. ***** 

■flaw-*. «. «nper.«a» of the g*». sub.rr.te at the — «« 
«,,. ..u^rtog «. about and the aerator* of the 
« the tk. of the ~po»» o^aon ... »- tt»p«ttur.. 

The hydros content at tb. Haul dffl«*>n-pr.*»tmg abUr- 
„ of the >-pb « the. <*t*»ed .» shown to T.M. 1. 



A glass plate etante to th. one used to EaojmpJ* 1 w* 8 thorough* 

^^he.wtth.^..^^'-""'^" 4 ^- 
pUt, vacuo. .h«.b« of a vacuum vapour depoaaoa 

aoparatu.. and th. «■»»»« ™ •™"»» d to " pIMSU ™ ' * 10 
i^. the «PO« dap-**" — - ■» — — m ~' 

^ W ,h= ^ baa. boating n»tho«. a Sn0 2 e^tr~ond„ctiv. fcver 

^vtog a «». of .ho* MOO * - * - ™* 

.^■■1.— . DurtogU-iora^-^S.0^.^^. 

v*»« t^tm mmm and the g»« — — - • " 

and th. «.p«.tur. of the guu» «- *»» 

The hydrogen content and the dbS dUt«sl«.-pr.»«.ttog .butty 

of the sample 18 thus obtained are show, to Table 1. 
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Sample Nos* 



l(Example 1) 
2(Example 2) 
3(Example 3) 
4(Example 4» 
5(Example 4, 
6 (Example 4, 
7 (Example 4 f 

8(Example 4, 
9(Example 4, 
[10(ExampIe 4> 
|ll(Example 4, 
|l2(Example 4, 
|13(Example 4, 
|14(Example 4, 
1 15 (Example 4» 



Hydrogen 
fn the Si0 2 layer 
(%) 





| 0.3 




1.2 




2.0 


R=10) 


22.0 


R=10) 


| 6.0 


E=10) 


2.0 


R=10) 


0.1 


R=40) 


] 8.0 


R=40) 


1 3.0 


R=40) 


1.0 


R=40) 


Q.l 


R»60) 


4.0 


B=60) 


2.0 


B=60) 


0.8 


B=60> 


0.2 



ISCComparative Example D 
l7(Compauative Example 2) 
1 18( Comparative Example 3) 



content | Alkali diffusion-prevent- 
ing ability (Na^O amount 
( u g/cm 2 ) detected in 
the Sn0 2 layer after 
f^f fucinn treatment at 
550°C for 30 minutes) 

1.0 
0.8 
0.2 
0.4 
0.1 
0.2 
1.6 

0.1 
0.1 
0.3 
2.0 
0.1 
0.1 
0.8 
3.5 

4.5 
5.1 
12.1 
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The hydrogen content (%) in the Si0 2 layer shown in the 
above Table was obtained by an infrared spectrophotometry as a content of 
hydrogen in the form of Si-H bonds in the Si0 2 layer. The alkali diffusion- 
preventing ability was evaluated by the amount of the alkali leaked through 
the Si0 2 layer. The measuring method comprised subjecting each sample 
to heat treatment at 550°C for 30 minutes to facilitate the diffusion of the 
atoii from the glass substrate, then dissolve the Sn0 2 surface layer with 
an etching solution of HC1 + Zn and measuring sodium dissolved and contain- 
ed in the etching solution by an atomic absorption method. 

It is seen from the above Table that the glass body provided 
with an alkali diffusion preventing silicon oxide layer according to the 
present invention in which hydrogen bonded to silicon was introduced 
In the silicon oxide layer , is capable of preventing the leaching out of 
the alkali more effectively than the silicon oxide layer into which no such 
hydrogen was introduced. It has the effectiveness equal to or greater than 
the effectiveness of the phosphorus-containing Si0 2 layer formed by a 
sol/gel method and which has been believed to be most effective in the alkali 
diffusion-preventing capability among the conventional layers. 

The glass body provided with an alkali diffusion-preventing 
silicon oxide layer according to the present invention can readily be prepar- 
ed with minimum restrictions in the process and conditions of its production 
and yet provides a high alkali diffusion-preventing ability. 

Further, the glass body provided with an alkali diffusion- 
preventing silicon oxide layer according to the present invention has 
adequate hardness, secure bonding between the glass substrate and the 
silicon oxide layer, light stability, and thermal stability upto about 
600-C, and it is adequately stable in various environmental conditions and 
processing conditions* 
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The glass body provided with the alkali diffusion-preventing 
silicon oxide layer according to the present invention is particularly 
suitable for use as an alkali diffusion-preventing layer of an electro- 
conductive glass to be used for display devices such as a liquid crystal 
device, an electrochromic device and an electric field luminance device 
or an amorphous solar cell substrate, it is stable and durable under the 
conditions for the production of such display devices or solar cell or 
under various environmental conditions for its use. 

The present invention is also useful for other purposes, for 
instance, to form an under coat on a glass plate in a case where an 
electroconductive layer, a heat radiation reflection preventive layer, 
a reflecting layer, a coloured layer or a layer having various other func- 
tions Is to be formed on the glass plate for automobiles, aircrafts, rail way 
veMdes or other transportation vehicles, constructions, various apparatus. 
15 optical devices, electric devices or electronic devices. 



10 
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CLAIMS; 



10 



1) A glass body comprising an alkali-containing glass 
substrate and a silicon oxide layer formed on its surface for preventing 
^on of ancali metal ions from the glass substrate, characterized u> 
that said silicon oxide layer contains hydrogen bonded to silicon. 

2) The glass body according to Claim 1 wherein the content 
of the hydrogen bonded to silicon in the silicon oxide layer is from 0.01 to 
25 molar %• 

3) The glass body according to Claim 1 wherein the content 
.of the hydrogen bonded to silicon in the silicon oxide layer is from 0.1 to 
22 molar %. 



- 18 - 



